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ABSTRAK 
 
Inkonel merupakan salah satu dari keluarga aloi berasaskan Nikel. Ianya  telah 
digunakan secara meluas di dalam bidang aeroangkasa, jana kuasa tenaga nuklear dan 
petrokimia disebabkan ciri-ciri istimewa bahan ini yang berkemampuan bertahan pada 
penggunaan suhu tinggi. Inkonel dikenali sebagai bahan sukar dimesin disebabkan 
sifat bahannya yang pelelas, keras dan kadar kebelaliran terma yang rendah. Ujikaji 
ini memfokuskan prestasi perkakas pemotong karbida dan kebolehmesinan Inkonel 
yang terdiri dari hayat mata alat, keutuhan permukaan dan daya pemotongan yang 
dijalankan dalam keadaan pelincir kuantiti minimum dengar kadar 50 ml/min. Ujikaji 
ini dijalankan berdasarkan kaedah metodologi permukaan sambutan (RSM) yang 
menggunakan pendekatan Box Behnken untuk melihat kesan faktor bersandar 
terhadap sambutan. Empat faktor dengan tiga peringkat yang dikaji menyasarkan 
jumlah 29 ujikaji. Faktor yang diambil kira dalam ujian ini ialah halaju pemotongan, 
Vc (100 – 140 m/min), kadar suapan (0.1 - 0.2 mm/gigi), kedalaman pemotongan 
paksi (0.5 – 1 mm) dan kedalaman pemotongan jejari (0.2 - 1.8 mm). Perkakas 
pemotong yang dipilih adalah jenis berbola yang dibuat dari tungsten karbida (WC-
10% Co) dan disalut secara pengendapan wap fizik (PVD) dengan TiAlN dan AlCrN. 
Melalui kajian ini, haus rusuk setempat, VB3 didapati mod kegagalan yang paling 
dominan berbanding mod haus yang lain. Pembentukan VB3 ini disebabkan oleh haus 
takuk. Oleh yang demikian,  nilai VB3 dipilih sebagai penentuan kegagalan mata alat 
apabila nilai had haus mencecah 0.5 mm. Pencerapan haus dilakukan dengan 
menggunakan mikroskop pembuat mata-alat, manakala kekasaran permukaan diukur 
menggunakan Pengukur kekasaran permukaan Mahr Perthometer. Daya yang terhasil 
semasa proses pemotongan diukur dan direkodkan menggunakan dynamometer 
Kistler model 5070A. Ketika proses pemotongan, didapati berlaku pembentukan 
serpihan yang berubah dari serpihan individu pada awal pemesinan kepada serpihan 
berkembar sebagai penanda zon kritikal di akhir hayat perkakas. ANOVA digunakan 
untuk kenal pasti kesan faktor yang signifikan terhadap respons. Melalui analisis yang 
dilakukan, didapati kedalaman pemotongan jejari  adalah yang paling mempengaruhi 
jangka hayat mata alat, selain daripada laju pemotongan, kadar suapan dan kedalaman 
pemotongan paksi. Bagi analisis kekasaran permukaan, didapati gabungan antara 
kadar suapan dan kedalaman pemotongan jejari merupakan yang paling signifikan 
yang menentukan nilai kekasaran permukaan. ANOVA terakhir mendapati daya 
paduan secara signifikan dipengaruhi oleh kedalaman pemotongan jejari dan paksi. 
Model matematik dibangunkan berdasarkan ketiga-tiga sambutan; hayat mata alat, 
kekasaran permukaan dan daya paduan dengan kadar purata ralat  5.2 min (25%),  
0.01 µm (4%) dan 6.6 N (2%). Ralat yang besar untuk jangka hayat perkakas 
disebabkan fenomena kerosakan perkakas yang berlaku berdasarkan kebarangkalian. 
Peluang haus takuk mencapai nilai 0.5 mm didapati lebih tinggi pada nilai kedalaman 
jejari yang besar, Kombinasi parameter optimum yang menghasilkan sambutan yang 
paling dikehendaki ialah Vc = 100 m/min, fz = 0.15 mm/gigi, ap = 0.5 mm dan ae = 
0.66 mm yang menghasilkan jangka hayat 59.4 min, kekasaran serendah 0.262 µm, 
daya gabungan 221 N dengan jumlah maksimum bahan dibuang sebanyak 9029 mm3. 
Daripada kajian ini, walaupun Inkonel ini sukar dimesin, penggunaan mata pemotong 
telah diminimumkan untuk pemesinan akhir sambil mengekalkan kekasaran 
permukaan yang baik.   
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CUTTING PERFORMANCE OF COATED CARBIDE TOOL IN HIGH 
SPEED END MILLING OF AGED INCONEL 718 UNDER  
MINIMUM QUANTITY LUBRICATION CONDITION 
 
ABSTRACT 
 
Inconel is a nickel-based alloy that is widely used in aerospace industry, nuclear 
power plant, and petrochemical industry due to its special characteristic that can 
withstand at elevated-temperature application. Inconel is well known as difficult to 
machine material because of abrasiveness, high hardness and low thermal 
conductivity. This research is focused on the cutting tool performance when 
machining Inconel that consist of tool life, surface roughness and cutting force under 
the  application of minimum quantity lubrication (50 ml/min). The response surface 
methodology (RSM) using the Box–Behnken design was used to conduct the 
experiment and analyse the relationship between control variables and responses. A 
total of 29 experiments were conducted with four factors at three levels each. The 
investigated milling parameters were cutting speed (100 - 140 m/min), feed rate (0.1 - 
0.2 mm/tooth), axial depth of cut (0.5 – 1.0 mm) and radial depth of cut (0.2 - 
1.8 mm). The PVD coated of TiAlN and AlCrN ball nose tungsten carbide (WC-
10%Co) cutting tools were tested in this study. From the study, it was found that the 
localized flank wear,VB3  was the dominant mode of failure. The occurrence of VB3 
was due to the notch wear, thus, VB3 was selected as failure criterion of the cutting 
tool with 0.5 mm of wear limit.  Tool wear observation was done using a tool maker 
microscope, while the surface roughness was measured using a Mahr Perthometer 
Talysurf. Cutting forces during milling operation were measured and recorded by 
dynamometer Kistler model 5070A. During machining, it was observed that the chips 
formation changed from complete single type at the early stage to incomplete segment 
at final stage of tool wear, which could be an indicator for tool life critical zone. 
ANOVA was used to identify the significant effect of the factors on the response. 
Based on the analysis, radial depth of cut was found to be the most significant factor 
for tool life followed by the cutting speed, feed rate and axial depth of cut. In surface 
roughness analysis, it was found that the radial depth of cut mitigates the effect of feed 
rate. The interaction between radial depth of cut and feed rate significantly affects the 
surface roughness. In addition, ANOVA analysis revealed that the resultant forces 
were significantly affected by interaction between radial and axial depth of cut. The 
mathematical models were developed for these three responses; tool life, surface 
roughness and resultant force with an average error of 5.2 min (25%), 0.01 µm (4%) 
and 6.6 N (2%) respectively. The tool life error is considered high because of tool 
failure are phenomena based on probability. The chance of the notch wear to reach 
0.5mm during wear progression was high during high width of cut. The optimum 
responses were achieved for tool life of 59.4 min, surface roughness of 0.262 µm, 
resultant force of 221N and 9029 mm3 of maximum material removal when milling at 
Vc = 100 m/min, fz = 0.15 mm/tooth, ap = 0.5 mm and ae = 0.66 mm. From this 
research, even though Inconel is a difficult machined material, the cutting tool 
consumption is substantially minimized in finishing process while maintaining a good 
surface finish.   
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